Background: The aim of this study was to identify risk factors associated with mortality in patients re-admitted to an intensive care unit (ICU) after initial recovery from major lung resection. Methods: We retrospectively reviewed the case records of all patients who underwent major lung resection between February 2011 and May 2013. A total of 1916 patients underwent major resection surgery for various lung diseases, 63 (3.3%) of which required ICU admission after initial recovery. We analyzed preoperative and perioperative data, including ICU factors and outcomes. Results: The patient group included 57 men (90.5%) with a mean age of 65.3 years. Pathologic diagnosis was malignancy in 92.1% of patients, while 7.9% had benign disease. Open thoracotomy was performed in 84.1%, whereas minimally invasive approaches were performed in 15.9%. In-hospital mortality occurred in 16 (25.4%) patients. Patients were classified as either survivors (n = 47, 74.6%) or non-survivors (n = 16, 25.4%). The most common reason for ICU readmission was pulmonary complication (n = 50, 79.4%). Thirty-one patients (49.2%) required mechanical ventilation, seven (11.1%) required extracorporeal membrane oxygenation, and three (4.8%) required renal support. Multivariate analysis showed that acute respiratory distress syndrome (ARDS) and delirium were independent risk factors for in-hospital mortality. In addition, delirium frequently occurred in patients with ARDS. Conclusion: ARDS and delirium were independent risk factors for in-hospital mortality in patients who were readmitted to the ICU after major lung resection. Future studies are needed to determine if the prevention of delirium and ARDS can improve postoperative outcomes for patients with lung cancer.
Introduction
Common reasons for intensive care unit (ICU) readmission are pulmonary, cardiac, gastrointestinal, and neurologic complications. 1 Hospital mortality is significantly higher in patients who are readmitted to the ICU. 1 Many studies have investigated ICU readmission after cardiac, general, and orthopedic surgery. [2] [3] [4] [5] [6] The prevalence, cause, and mortality of hospital readmission after lung resection have been previously discussed; however, few studies have evaluated readmission after pulmonary resection. 7, 8 Song et al. conducted a study on ICU admission in patients with thoracic tumors, including lung cancer and esophageal cancer. They reported that the rate of ICU readmission after thoracic oncology surgery was 8.6%, while in-hospital mortality was 33.0%. 9 The risk factors associated with in-hospital mortality were a high Acute Physiology and Chronic Health Evaluation (APACHE) score and prolonged ventilation.
The purpose of our study was to define the prevalence, pattern, and predictive risk factors for ICU mortality after initial recovery from major lung resection.
Methods
We retrospectively reviewed the medical records of 1906 consecutive patients who underwent major lung resection for lung diseases at Samsung Medical Center, Korea, between February 2011 and May 2013. Major pulmonary resection included pneumonectomy, bilobectomy, and lobectomy. The Sungkyunkwan University institutional review board approved the study.
The same thoracic surgery team evaluated all patients and preoperative evaluations were performed according to a standardized protocol. This included chest radiography (CXR), chest computed tomography (CT), bronchoscopy, pulmonary function testing, electrocardiography, and positron emission tomography-CT (PET-CT) scans. Echocardiography and a quantitative ventilation/perfusion scan were performed when appropriate. Patients with lung cancer also underwent brain magnetic resonance imaging (MRI).
Patients undergoing pulmonary resection were analyzed according to demographics, comorbidities, type of operative procedure, diagnosis requiring or resulting from pulmonary resection, postoperative complications, hospital mortality, length of hospital stay (LOS), and death after hospital discharge.
Pneumonectomy and bilobectomy were performed through a standard posterolateral thoracotomy. Lobectomy was performed through a standard posterolateral thoracotomy or with video-assisted thoracoscopic surgery. Perioperative antimicrobial prophylaxis with second-generation cephalosporins (cefotiam, cefuroxime, and cefotetan) was routinely administered. Most patients were extubated at the end of the operation or shortly after arrival in the postanesthesia care unit and were then transferred to the ICU. Patients who required mechanical ventilation were transferred directly to the ICU, where a mechanical ventilator was applied. Patients who had undergone lobectomies were transferred to the general ward at the discretion of the surgeons. We defined this postoperative ICU stay as the first admission in the ICU. Postoperative pain was controlled with continuous intravenous or epidural analgesia.
Patients who underwent a lobectomy were managed in the ICU for one night, while patients who underwent a pneumonectomy or bilobectomy were managed in the ICU for more than two days. Patients were instructed to carry out deep breathing exercises and incentive spirometry during the postoperative period.
Reasons for readmission were classified into seven categories according to the admitting diagnosis: pulmonary (acute respiratory distress syndrome [ARDS], acute lung injury, pneumonia, atelectasis, lobar torsion, upper airway obstruction, and chylothorax); cardiac (atrial fibrillation, bradycardia, myocardial infarction, stress-induced cardiomyopathy); gastrointestinal (GI bleeding); neurologic (cerebral infarction, cerebral hemorrhage); renal (acute kidney injury); psychiatric (delirium); and miscellaneous (postoperative bleeding). Indications for transfer to the ICU are shown in Table 1 .
Patients in the survival and non-survival groups were compared with regard to demographics, comorbidities, type of operative procedure, diagnosis requiring or resulting from pulmonary resection, postoperative complications, and LOS.
Statistical analysis
Data were analyzed using SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA) and JMP 11 (SAS institute, Cary, NC, USA) statistical software. Categorical variables were compared using the x2 or Fisher's exact tests, and continuous variables were compared using the Student's t or MannWhitney U tests as appropriate. P values less than 0.05 were considered significant. Continuous variables with a normal distribution were compared by the unpaired Student's t-test and those without a normal distribution were compared by the Mann-Whitney U test. The risk of inhospital mortality associated with selected factors was evaluated using stepwise binary logistic regression analysis to estimate odds ratios (OR) and their 95% confidence intervals (CI). Variables with a P value <0.1 on univariate analysis were subsequently entered in a multivariate logistic regression analysis model to identify independent risk factors for in-hospital mortality in the patients readmitted to the ICU after major lung resection. P < 0.05 was considered statistically significant.
Results
A total of 1906 consecutive patients underwent major lung resection for lung diseases. Thirty-two (1.7%) patients died during the first ICU admission, 1874 patients were transferred to the general ward after initial recovery from the ICU, and 1811 patients (95%) were discharged without significant complications. Sixty-three patients (3.3%) required readmission to the ICU after initial recovery. Forty-seven patients survived and 16 died. The in-hospital mortality rate was 2.5% (Fig 1) . The mean age was 65.30 AE 7.14 years (range 44-76). Fifty-seven (90.5%) patients were male. Sixteen patients died in the ICU. Subjects were divided into two groups (survival and non-survival groups) and the patient characteristics of each group are shown in Table 1 . There were no significant differences in demographics, diagnosis, pulmonary function tests, comorbidities, preoperative chemotherapy, preoperative radiotherapy, extent of procedure, and procedure approach type between the groups (Table 2) .
Thirty-one patients required mechanical ventilation; 19 patients survived and 12 died. Mechanical ventilation was more commonly used in the non-survival group (75.0% vs. 40.4%; P = 0.017). The mean duration of mechanical ventilation was 13.45 AE 13.00 days, and this was significantly shorter in the survival group (8.89 AE 12.43 vs. 20.67 AE 10.76, P = 0.011).
Seven patients required extracorporeal membrane oxygenation (ECMO) support. More patients in the nonsurvival group required ECMO support (37.5% vs. 2.1%; P < 0.001). The mean duration of ECMO support was 13.86 AE 7.10 days, and only one patient survived. The duration of ECMO support was 17 days (13.33 AE 7.63), and six patients died.
We observed no significant differences in the total LOS, length of the first ICU stay, or time to readmission between the survival and non-survival groups. The length of the readmission ICU stay was significantly shorter in the survival group (6.72 AE 13.07 vs. 26.19 AE 10.19; P < 0.001).
Causes of readmission to the intensive care unit
The main causes for ICU readmission are listed in Table 3 . The most common cause for ICU readmission was pulmonary complication, which affected 49 of 63 (77.8%) patients. The most common pulmonary complication was ARDS, which affected 32 of 49 (65.3%) patients. Seventeen patients were diagnosed with ARDS of unknown origin, while 15 patients were diagnosed with ARDS as a result of pneumonia. The second-most common cause for ICU readmission was cardiovascular complication, which affected eight out of 63 patients (12.7%). The most common cardiovascular complication was atrial fibrillation, which affected seven of the eight (87.5%) patients.
The causes of ICU readmission were compared between the groups (Table 4 ). In the survival group, the most common cause of ICU readmission was ARDS (of unknown origin or as a result of pneumonia), which affected 18 of 47 (38.3%) patients. The second most common cause of ICU readmission was cardiac arrhythmia, which affected 17 of 47 patients (32.2%). In the non-survival group, the most common cause was ARDS (with or without pneumonia), which affected 14 of 16 (87.5%) patients. The secondmost common causes were pneumonia and cardiac arrhythmia, which affected eight of 16 (50%) patients.
Delirium occurred in 17.5% of patients and was significantly more common in the non-survival compared with the survival group (43.8% vs. 8.5%; P = 0.001). 
Risk factors for in-hospital mortality
Univariate analysis showed that the following five variables were associated with in-hospital mortality: readmission as a result of ARDS (P < 0.001), delirium (P = 0.004), APACHE IV score (P < 0.001), mechanical ventilation (P = 0.017), and ECMO support (P < 0.001). Multivariate analysis identified two variables independently associated with in-hospital mortality: readmission as a result of ARDS (OR 8.6, CI 1.96~61.1, P = 0.003) and delirium (OR 5.5, CI 1.22~28.4, P = 0.026).
Readmission to the ICU as a result of ARDS was significantly more common in the non-survival group (87.5% vs. 38.3%; P < 0.001). Delirium occurred in 17.5% of patients and was also significantly more common in the non-survival group (43.8% vs. 8.5%; P = 0.001).
Acute respiratory distress syndrome, delirium, and in-hospital mortality
We further classified patients into two groups: ARDS vs. -non-ARDS. There were 32 patients with ARDS and 31 patients without ARDS. Delirium occurred in two (6.5%) patients without ARDS and nine (28.1%) with ARDS. Patients with ARDS had a higher prevalence of delirium than patients without ARDS (28.1% vs. 6.5%; P = 0.023). Six (66.7%) ARDS patients died when delirium occurred, while eight (34.8%) ARDS patients died without experiencing delirium. However, there was no significant difference in the in-hospital mortality rate between the delirium and non-delirium groups in patients with ARDS (Table 5) .
Patient outcomes
Sixteen patients died in the ICU, yielding a 25.4% inhospital mortality rate and a 0.84% overall operative mortality rate during the study period (total overall operative mortality rate: 2.45%). These deaths comprised 14 lung cancer patients (87.5%), one aspergilloma patient (6.3%), and one mesothelioma patient (6.3%). The main cause of in-hospital mortality was ARDS (n = 14). The remaining 47 patients were discharged from the ICU to the ward.
Discussion
Morbidity and mortality rates after pulmonary resection remain high in spite of significant advances in preoperative evaluation, surgical technique, anesthetic management, and perioperative care. 10 Several authors have studied hospital readmission and mortality rates after pulmonary resection surgery. Handy et al. reported hospital readmission and mortality rates of 18.9% and 11.6% after pulmonary resection, respectively. 8 The most common cause of readmission was pulmonary complication. Varela et al. reported a hospital readmission rate of 6.9% and a mortality rate of 6.0%. 11 The most common cause of readmission was pleural empyema.
Few papers have documented ICU readmission after pulmonary resection. Desiderio and Downey reported ICU readmission and in-hospital mortality rates of 3.1% and 29%, respectively. 12 Song et al. reported an 8.6% ICU readmission rate after thoracic oncology surgery with an inhospital mortality rate of 33.0%. 9 The most common cause of ICU readmission in Song et al.'s study was pulmonary complication, and the most common pulmonary complication was ARDS. The risk factors associated with in-hospital mortality were high APACHE score and prolonged ventilation.
Song et al. targeted thoracic tumors, including lung and esophageal cancers; 9 however, our study targeted only lung diseases, including lung cancer. The overall postoperative mortality rate in our study was 2.5% (48/1906), the mortality rate during the first ICU (routine postoperative ICU admission) was 1.7% (32/1906), and the mortality rate after initial recovery was 0.9% (16/1874). The rate of ICU readmission was 3.3% after major lung resection surgery, and these patients had an in-hospital mortality rate of 25.4% (16/63). The risk factors associated with in-hospital mortality were ARDS and delirium.
Acute respiratory distress syndrome is a critical complication after major pulmonary resection. Despite extensive progress in intensive care (low-dose steroid therapy, lowtidal-volume ventilation strategy, and ECMO), ARDS remains a major cause of mortality in the ICU. [13] [14] [15] Previous studies have reported the prevalence of ARDS after lung resection as 2.2~3.9% and by procedure as: pneumonectomy 3.8~7.9%, lobectomy/bilobectomy 1.9~2.96%, and sublobar resection 0.7~3.2%. [16] [17] [18] The mortality rate has been reported as 40~64.6%. [16] [17] [18] ECMO is increasingly used to treat high mortality ARDS. The Conventional Ventilatory Support versus ECMO for severe Adult Respiratory Failure (CESAR) trial showed that ECMO-based management improves survival. 15 However, little research has been published of the effects of ECMO in patients with ARDS after lung resection surgery. Seo et al. reported an in-hospital survival rate after ECMO for postoperative ARDS of 18.8%. Prolonged pre-ECMO ventilator support was a risk factor associated with in-hospital mortality. 19 In our study, seven patients received ECMO-based management. However, only one (14.3%) patient survived. We do not know why the survival rate of ECMO-based management is lower for patients with ARDS occurring after major lung resection surgery. In our center, ECMO is administered to ARDS patients by applying a mechanical ventilator if the peripheral capillary oxygen saturation (SpO2) level is not maintained. ECMO may have been inserted at a late stage, and ECMO was even applied to patients with irreversible lung function. Future studies on this issue are needed and are in progress at our center.
Delirium commonly occurs as a perioperative complication in older adults, with a reported prevalence varying from 0% to 73.5%. Perioperative and postoperative delirium is associated with longer hospital stay, complications, poor recovery, greater cost, and mortality. 20, 21 Major risk factors for postoperative delirium include cognitive impairment, severity of illness, visual impairment, and dehydration. Minor risk factors include polypharmacy, catheterization, use of restraints, malnutrition, and any iatrogenic event. Other risk factors are older age, increased number of comorbidities, increased functional dependency, history of falls in the last six months, presurgical and postsurgical pain, and increased white matter pathology. 22 Hsieh et al. reported that ARDS is a risk factor for ICU delirium. 23 Patients with delirium had greater in-hospital mortality than patients without delirium. In contrast, Al-Qadheeb et al. reported no demonstrable relationship between delirium and short-term in-hospital mortality. 24 In our study, delirium occurred more often in patients with ARDS than in those without ARDS (P = 0.023). However, no significant difference in the rate of in-hospital mortality was identified between the delirium and the non-delirium groups in patients with ARDS.
In patients with such risk factors, preventative techniques to avoid postoperative delirium have been effective. 25 Strategies for the prevention of delirium include nonpharmacologic and pharmacologic interventions. Nonpharmacologic interventions include increased patient mobilization, reduced sleep disruption, orientation reminders, and increased daily social interaction. Pharmacologic intervention includes antipsychotics, cholinesterase inhibitors, melatonin, and alpha-2 agonists. 22 There were several limitations to this study. First, institutional bias could not be avoided because patients were selected from a single institution. Second, the sample size of patients was small. In our study, delirium was an incidental finding with only a small number of cases; therefore, the small but important subgroup of delirious patients was not analyzed independently. We do not know why delirium often occurs in patients with ARDS, although sedative drugs, analgesics, steroids, immobilization, and hypoxia are thought to cause delirium. To investigate this finding, a prospective and multicenter study is required. Hsieh et al. reported that patients with ARDS and delirium had higher mortality. 23 However, in our study, there was no significant difference (delirium 66.7% vs. without 34.8%, P = 0.102). We believe that this result is attributed to the small sample size and lack of data points.
In conclusion, ICU readmission after initial recovery from major lung resection was associated with high inhospital mortality. Pulmonary complications were the most common cause of ICU readmission after initial recovery from major lung resection (n = 49, 77.8%). ARDS and delirium were independent risk factors for in-hospital mortality in patients who were readmitted to the ICU after major lung resection. In addition, delirium frequently occurred in patients with ARDS.
